The next-to-minimal supersymmetric standard model (NMSSM) more naturally accommodates a Higgs boson with a mass of approximately 125 GeV than the minimal supersymmetric standard model (MSSM). In this work, we assume that the next-to-lightest CP-even Higgs boson h 2 is the SM-like Higgs boson h, whereas the lightest CP-even Higgs boson h 1 is dominantly singlet-like.
I. INTRODUCTION
In July 2012, the ATLAS and CMS collaborations at the CERN Large Hadron Collider (LHC) [1] reported the observation of a new boson with a mass of approximately 125 GeV.
After such discovery, which marked a milestone in particle physics, the extensive amount of data accumulated by both experiments [2] have established that the properties of the new boson are consistent with those predicted by the standard model (SM). Since the discovery of the Higgs boson, massive work has been done to study its properties by measuring all the possible production channel cross sections and decay rates. In particular, it has been demonstrated that, among all the possible production modes, the double Higgs production is a sensitive probe for new physics [3] [4] [5] [6] [7] [8] .
At leading order in the SM, the Higgs pair production at the LHC happens through the gluon-gluon fusion gg → hh process [9, 10] . The SM cross section of such a process receives contributions from loops mediated by heavy quarks, which induce box and triangle diagrams (gg → h * → hh). The amplitudes of these two types of diagrams interfere with each other destructively, thus leading to a rather small cross section. In new physics models, such as low energy supersymmetric models, both box and triangle diagrams receive additional contributions from the loops mediated by the third generation of squarks. Moreover, the triangle diagrams are correlated with the trilinear Higgs coupling, which plays an important role in the reconstruction of the Higgs potential [11] . Therefore, the gg → hh process is particularly sensitive to new physics contributions.
Among new physics models, the next-to-minimal supersymmetric standard model (NMSSM) has attracted considerable attentions [12] This work is organized as follows. In section II we briefly introduce the Higgs sector of the NMSSM. In section III we scan over the NMSSM parameter space by considering various experimental constraints; then we calculate the cross sections of h 1 h 1 , h 2 h 2 , and h 1 h 2 di-Higgs gluon-fusion production processes and we also discuss the production rates for the bbγγ and bbτ + τ − final states. Finally, we present our conclusions in section IV.
II. HIGGS SECTOR IN NMSSM
As in the MSSM, the NMSSM contains two doublet Higgs superfieldsĤ u andĤ d ; however, in addition to the MSSM, the NMSSM introduces one gauge singlet superfieldŜ. As a consequence, the Higgs sector has a richer structure in the NMSSM than in the MSSM.
To avoid the occurrence of dimensionful parameters in the superpotential, a discrete Z 3 -symmetry is imposed. The corresponding superpotential and soft-breaking terms in the Higgs sector of the Z 3 -invariant NMSSM are given by Equations (1) and (2) [12, 17] : at the tree level, the Higgs sector of the NMSSM can be represented by six independent parameters given by Equation (3):
with
In the NMSSM, H u , H d , and S are given by Equation (4):
By diagonalizing the corresponding mass matrices, we get the Higgs mass eigenstates as in Equation (5):
Here, h i (with i = 1, 2, 3) denotes the physical CP-even neutral scalars with m h 1 < m h 2 < m h 3 ; a i (with i = 1, 2) denotes the physical CP-odd neutral scalars with m a 1 < m a 2 ; H + is the physical charged Higgs boson; and G 0 and G + are the Goldstone bosons absorbed by Z and W bosons, respectively.
Because of the coupling λĤ u ·Ĥ dŜ in the superpotential, the mass of the SM-like Higgs boson h at the tree level has the following dependencies:
As shown by Equation (6), the SM-like Higgs boson (h) mass increases as λ increases and tan β decreases. Moreover, the mixing between singlet and doublet Higgs fields can also significantly alter the h mass. In particular, the mixing will pull down the mass when h 1 acts as h, whereas it will push up the mass when h 2 acts as h [13, 14] . Therefore, when h 2 plays the role of the SM-like Higgs boson, both the additional tree-level contributions and the effect of Higgs doublet-singlet mixing can increase the h mass; such phenomenon makes the large radiative corrections from top-squark loops unnecessary to predict a Higgs boson with a mass near 125 GeV.
III. CALCULATIONS AND NUMERICAL RESULTS
A. Scanning strategy of the parameter space
We perform a comprehensive scan over the parameter space of the NMSSM by using the package NMSSMTools [18] . We constrain the mass of the gluino and the soft breaking parameters in the first two generations of the squark sector to be equal to 2 TeV. Moreover, we assume a common value denoted by ml for all soft breaking parameters in the slepton sector. The parameter space considered in the scan is represented by Equation (7):
In addition to the constraints implemented in the package NMSSMTools we also consider the following:
• Constraints from the direct searches for the Higgs boson at LEP, Tevatron, and LHC.
We adopt the package HiggsSignals for the fit of the 125 GeV Higgs data [19] and the package HiggsBounds for the search of non-standard Higgs bosons at colliders [20] .
• Constraints from direct searches of sparticles at the LHC RunI and Run-II. We use the packages FastLim [21] and SModelS [22] to implement such constraints. In particular, the results of the experimental searches for gluino and squarks are implemented in the package FastLim, whereas those of sleptons and electroweakinos searches are implemented in the SModelS package. Efficiencies or upper bounds on the sparticle productions can be obtained to limit the parameter space of the NMSSM.
• Constraints from the searches for electroweakinos and top-squarks at the LHC Run-II. The surviving samples that satisfy the constraints from FastLim and SModelS are further tested by detailed Monte Carlo simulations. In details, we use MadGraph/MadEvent [23] to simulate events at the parton level and Pythia [24] to do parton shower and hadronization, then we put the events into Delphes [25] to do detecor simulation. Finally, we implement the ATLAS and CMS searches within CheckMATE [26] to decide whether each parameter point in our scenaio is allowed or not.
B. Numerical results
In our numerical calculation we take m t = 173.2GeV, m b = 4.18GeV, m Z = 91.19GeV [27] and take the renormalization and factorization scales to be the invariant mass of the Higgs pair. We select the samples for 122 GeV ≤ m h ≤ 128 GeV and require the next-to-lightest
CP-even Higgs boson (h 2 ) to be the SM-like Higgs boson h.
According to the NMSSM scenario, the Higgs pair production processes possibly available at the LHC happen via gluon-gluon fusion, as shown in Fig. 1 . Differently from the SM, in the NMSSM the gluon-gluon fusion receives additional contributions from the loops mediated by the third generation of squarks. We checked that we can reproduce the results in the SM and MSSM presented in [9] and [28] . In the numerical calculations, for an LHC collision energy of 14 TeV, we find that the cross section of the gg → hh process in the SM scenario is 18.7 fb at m h = 125 GeV. Figure 2 shows the cross sections of the h 1 h 1 (left), h 2 h 2 (middle), and h 1 h 2 (right) pair production processes. The cross section of the process pp → h 1 h 1 (left panel) assumes values mainly divided into two regions: for m h 1 62 GeV, the cross section is relatively large and it can maximally reach 5400 fb. This is because the rare decay h 2 → h 1 h 1 is open when m h 1 62 GeV. As can be clearly seen from Fig. 3 , which shows the cross section of the pp → h 1 h 1 process as a function of the branching ratio of the decay h 2 → h 1 h 1 , the pp → h 1 h 1 cross section increases as the h 2 → h 1 h 1 branching ratio increases.
The plot in the middle panel of Fig. 2 indicates that the cross section of the pp → h 2 h 2 process can maximally reach 28 fb, which is 1.5 times larger than the SM prediction. The enhancement mainly originates from the contributions of the diagrams (3), (4), and (5) in Fig. 1 . For lighter mt 1 and larger values of A t the cross section is larger, which is in agreement with the results reported in [7] .
From the right panel of Fig. 2 it is visible that, for the majority of the surviving samples, the cross section of pp → h 1 h 2 is less than 10 fb; this mainly because h 1 is dominantly singlet-like. However, for a few surviving samples, the cross section can exceed 100 fb and reach 133 fb at maximum. In these cases, the heaviest CP-even Higgs h 3 is relatively light with a mass of approximately 500 GeV, and h 3 is produced on-shell with the branching ratio to h 1 h 2 being about 10%. It is important to notice that the mass of the heavy Higgs boson near 500 GeV for tan β 5 in the MSSM is not excluded by experimental results based on the LHC Run-II data [29, 30] .
Since the discovery potential of the Higgs boson depends on the decay spectrum of the Higgs boson, we now consider the h 1 h 1 , h 2 h 2 , and h 1 h 2 di-Higgs production processes with one Higgs boson decaying to bb and the other one decaying to either γγ or τ + τ − . In Fig. 4 and Fig. 5 we show the production rates of the final states bbγγ and bbτ + τ − , respectively.
As it can be seen, the production rate of the process h 1 h 1 → bbτ + τ − is relatively large for m h 1 62 GeV, and it can maximally reach 1500 fb. This is because, for most of the surviving samples, the h 1 → bb and h 1 → τ + τ − branching ratios are close to 90% and 8%, respectively. Both the ATLAS and CMS collaborations performed searches for 125GeV Higgs pair production in the final states bbbb, bbτ + τ − and bbγγ. Based on the data collected at √ s = 
IV. CONCLUSION
Because of the mixing effect of Higgs doublet-singlet fields, and the coupling effect between Higgs doublet and singlet fields in the superpotential, the NMSSM more naturally accommodates a Higgs boson with a mass of approximately 125 GeV. We assume that the next-to-lightest CP-even Higgs boson h 2 plays the role of the SM-like Higgs boson. In this scenario the lightest CP-even Higgs boson h 1 is dominantly singlet-like and it can be much lighter than 125 GeV. In this work, we discussed the h 1 h 1 , h 2 h 2 , and h 1 h 2 pair production processes via gluon-gluon fusion at the LHC for an collision energy of 14 TeV. In addition,
we studied the production rate of such di-Higgs events in which one Higgs boson decays to bb and the other one to either γγ or τ + τ − . We found that, for m h 1 62 GeV, the cross section of the gg → h 1 h 1 production process is relatively large and maximally reaches 5400 fb, and that the production rate of the h 1 h 1 → bbτ + τ − final state can reach 1500 fb. These results are mainly due to the contributions from the resonant production process pp → h 2 → h 1 h 1 and the relatively large branching ratio of the h 1 → bb and h 1 → τ + τ − decays. The cross sections of the pp → h 2 h 2 and pp → h 1 h 2 production processes maximally reach 28 fb and 133 fb, respectively. Therefore, for future searches of an integrated luminosity of 300 and 3000 f b −1 , Higgs pair production for h 1 h 1 → bbτ + τ − final state may be detected.
